Fasting venous blood collected from 83 patients with breast cancer was analyzed for triglycerides; total, highdensity lipoprotein (HDL), and low-density lipoprotein (LDL) cholesterol; tumor necrosis factor (TNFa); glucose; creatinine; insulin; glucagon; growth hormone; cortisol; and thyrotropin. Patients with stage IV disease had significantly higher (P <0.05) triglyceride concentrations and significantly lower (P <005) concentrations of total and HDL cholesterol than did patients with less advanced disease or age-matched controls. Furthermore, LDL cholesterol concentrations in patients with boney metastases were significantly lower (P <0.05) than concentrations in patients with liver or liver plus boney metastases or in controls. These results could not be attributed to smoking habits, alcohol consumption, or treatment. We observed no correlations between serum concentrations of lipid and concentrations of TNFa, insulin, glucose, creatinine, cortisol, growth hormone, or thyrotropin. However, there was a significant (P <0.05) negative correlation between total cholesterol and glucagon and between LDL cholesterol and glucagon for patients with stage II, Ill, and IV disease, suggesting that glucagon may reduce LDL cholesterol concentrations by an as-yet-unidentified mechanism. It has been postulated that changes in the concentrations of serum lipids in breast cancer could result from increased production of tumor necrosis factor a (TNFa) by activated macrophages in response to the tumor (7). TNFa has been shown to antagonize some of the actions of insulin, including inhibition of adipose tissue lipoprotein lipase by inhibiting expression of the lipoprotein lipase gene (9). This would impair catabolism of VLDL, leading to an increase in serum triglyceride and a decrease in HDL cholesterol through the reduced availability of apoproteins for HDL formation (10).
granulocytic leukemia, patients reportedly developed an increase in serum triglyceride and a decrease in total and HDL cholesterol (5) .
Studies in patients with breast cancer have demonstrated an increase in serum triglyceride concentrations with disease progression (6, 7) , which may also be accompanied by a decrease in serum HDL cholesterol (8) .
It has been postulated that changes in the concentrations of serum lipids in breast cancer could result from increased production of tumor necrosis factor a (TNFa) by activated macrophages in response to the tumor (7) . TNFa has been shown to antagonize some of the actions of insulin, including inhibition of adipose tissue lipoprotein lipase by inhibiting expression of the lipoprotein lipase gene (9) . This would impair catabolism of VLDL, leading to an increase in serum triglyceride and a decrease in HDL cholesterol through the reduced availability of apoproteins for HDL formation (10) .
Currently, no study has investigated the relationship between the concentrations of serum lipids and TNFa in a group of cancer patients. Furthermore, the possible role of other hormonal factors in the etiology of lipid alterations in cancer has not been investigated. Therefore, in the present study, we examined the following (a) the association between serum lipid concentrations and stage of disease in breast cancer, taking into consideration the effects of treatment, weight loss, smoking, and alcohol consumption; (b) the frequency of increasesof serum TNFa in breast cancer and its relationship to the serum lipid concentrations in breast cancer patients; and (c) the possible role of insulin, glucagon, growth hormone (somatotropin), cortisol, and thyrotropin in any alterations of serum lipid concentrations in these patients.
Materials and Methods

Patientsand Samples
We collected blood samples from 83 patients with histologically proven breast cancer who were attending the oncology clinic at the Westminster Hospital, London, or the breast clinic at St. Peter's Hospital, Chertsey. Ethical Committee approval was obtained for the collection of samples from these patients. Patients were staged according to the Tumor-Node-Metastases (TNM) classification (11) .
We excluded from this study patients with known diabetes, with thyroid disease, being treated for hyperlipidemia, receiving parenteral nutrition, or with clinical evidence of infection, and dieting or anorexic patients. None of the patients studied was pregnant, had arthritis. The clinical information obtained for the patients is summarized in Table 1 .
Venous blood (10 mL) was collected between 0830 and 1030 h into plain glass tubes (7.5 mL) and tubes containing lithium heparin (2.5 mL) after a minimum 12-h fast. We centrifuged the heparinized sample without delay at 1000 x g for 15 mm and stored it at -70#{176}C until assay. The serum sample was allowed to clot for 15 mm at 4#{176}C then similarly was centrifuged and stored at -70 #{176}C in 1-mL aliquots until analysis. We also collected fasting venous blood (5 mL) into plain glass tubes from age-and sex-matched control subjects who did not have malignant disease or any serious pathology, but who were attending the hospital for treatment of relatively minor conditions (in terms of blood chemistry), e.g., varicose vein stripping and total knee replacement. We centrifuged and stored the samples as previously described.
Analyses
We performed the following analyses on the samples from the breast cancer patients: triglyceride, total cholesterol, HDL On the samples from the age-and sex-matched controls, we performed the analyses on the following substances: triglyceride, total cholesterol, HDL cholesterol, and (calculated) LDL cholesterol.
All assays were performed with serum samples, except for glucagon, which was assayed in heparinized plasma. HDL cholesterol was determined by the dextran sulfate/MgC12 precipitation method (14) with use of reagents from Technicon Diagnostics (Basingstoke, U.K.). After precipitation, the supernate was immediately analyzed for cholesterol as described above. The betweenbatch imprecision was 3.5% at 1.9 mmol/L; the reference range was 0.9-1.9 mmol/L.
LDL cholesterol
was calculated from the measured concentrations of total cholesterol, HDL, and triglyceride, according to the formula of Friedewald et al. (15) . The reference range for LDL cholesterol was 5.0 mmolfL.
Glucose was measured by a glucoseoxidase procedure on the YSI glucose analyzer (Clandon Scientific Ltd., Aldershot, U.K.). The between-batch imprecision was 2.6% at 9.8 mmoliL.
Creatinine was measured by a kinetic Jaffe procedure with the Astra 8 analyzer (Beckman Instruments, High Wycombe, U.K. 13. Read the concentration of TNFa in the samples from the standard curve, plotted on log linear paper.
Glucagon and insulin
were determined by doubleantibody RIA with reagents from ICN Biomedicals Inc., Costa Mesa, CA. For the glucagon assay, the antibody cross-reaction with enteroglucagon, insulin, and gastrin was <0.002%. The between-batch imprecision (CV) was 11.3% and 8.3% at glucagon concentrations of 20 and 150 pmol/L, respectively; the detection limit was 5 pmoliL, and the fasting reference range was s40 pmol/L. For the insulin assay, the antibody cross-reaction with proinsulin, C peptide, and glucagon was 19%, 0.0003%, and 0.09%, respectively. The between-batch imprecision was 12.3% and 7.1% at insulin concentrations of 7.5 and 25.1 milli-units/L, respectively; the detection limit was 1 milli-unitlL, and the fasting reference range was 45 milli-unitsfL. Growth hormone was measured by a two-site immunoradiometric assay, with reagents supplied by Immu- 
Statistical Analysis
We used Student's paired t-test to assess the significance of any differences in serum lipid concentrations between the breast cancer patients and the age-and sex-matched controls. We used the Mann-Whitney U-test to assess the significance of any changes in analyte concentration associated with stage of disease, site of metastases, treatment, or weight loss in the breast cancer patients.
Correlations
between the various analytes were assessed by both the Spearman rank correlation and least-squares linear regression. Deming's correction for slope was not applied because SJSX was <0.2 (16) . When all of the data had been analyzed, we found no discrepancies in statistical outcome between these two tests; i.e., a significant correlation by the Spearman rank test was invariably also significant by leastsquares linear regression, and vice versa. Therefore, for the sake of clarity, the correlation data presented in Results refer only to the results obtained by leastsquares linear regression. However, no difference in the outcome of the results analysis would have occurred if the Spearman rank correlation data were also shown.
Results
Association
between fasting serum lipid concentrations and stage of disease in breast cancer. When fasting serum triglyceride concentrations in breast cancer patients were compared with the concentrations in ageand sex-matched control subjects (Figure 1) , only patients with stage N disease had significantly higher concentrations than the controls did (0.02 <P <0.05). Median fasting serum triglyceride concentrations increased with stage of disease, which was statistically significant for stage N compared with stage I patients. (0.01 < P <0.025). The site of metastases had no significant effect on fasting serum triglyceride concentrations in stage N patients. significantly less total cholesterol than did patients with liver metastases or bone plus liver metastases (0. We also found a significant negative correlation be- There was no significant difference in fasting serum concentrations of triglycerides, total cholesterol, HDL cholesterol, and LDL cholesterol between smokers and nonsmokers for any stage of disease (P >0.05).
Patients with stage I disease who consumed >50 mL of alcohol per week had significantly higher concentrations of HDL cholesterol (median 2.1 mmolJL) than did patients who consumed <50 mL of alcohol per week (median 1.8 mmol/L; 0.02 <P <0.05). This effect of alcohol consumption was not observed for triglyceride, total, or LDL cholesterol, or in patients with more advanced disease.
We investigated the influence of weight loss on serum lipid concentrations in breast cancer patients only for patients with stage IV disease because only three patients with less advanced disease had considerable weight loss, whereas 24 of 47 patients with stage N disease had considerable weight loss. There was no significant difference between fasting serum concentrations of triglyceride, total cholesterol, and LDL cholesterol in those patients who had considerable weight loss than in those who did not (P >0.05). However, serum concentrations of HDL cholesterol were significantly lower in patients who had weight loss ( remained true whether the data were analyzed separately by stage of disease or analyzed by all stages combined.
Analysie of correlation between fasting serum concentrations of lipids, hormones, and TNFa. There was no correlation between fasting serum concentrations of triglycerides, total cholesterol, HDL cholesterol, or LDL cholesterol and serum concentrations of immunoreactive TNFa, whether the data were analyzed separately for each stage of disease or for all stages combined (Table 3) . Similarly, there was no correlation between fasting serum triglycerides or total, HDL, or LDL cholesterol and serum insulin, glucose, creatinine, cortisol, growth hormone, or thyrotropin in the breast cancer patients, whether the data were analyzed separately for each stage of disease or for all stages combined (data not shown).
There was, however, a significant negative correlation between fasting serum total cholesterol and plasma glucagon concentrations and between serum LDL cholesterol and plasma glucagon concentrations for patients with stage II, Ill, or N disease and for all stages combined ( Figure 5 ). In Figure 5 , three of the five patients with plasma glucagon concentrations >40 pmolJL had boney metastases; the remaining two had liver metastases. All five patients had lost >10% of their body weight over the previous six months. However, in all other respects, nothing in the clinical status of these patients made them appear to be any different from the other patients with stage N disease.
When we re-analyzed the data without the results from these five patients, there was no significant negative correlation between serum total cholesterol and plasma glucagon or between serum LDL cholesterol and plasma glucagon for stage N patients. However, the negative correlation between serum total cholesterol (y) and plasma glucagon (x) for all stages combined remained significant (y = 6.35 -0.049x; 0.02 <P <0.05).
We found no correlation between fasting serum triglycerides and glucagon or serum HDL cholesterol and glucagon.
Discussion
In this study, we have confirmed that patients with stage N breast cancer have significantly higher concentrations of triglyceride and significantly lower concentrations of HDL cholesterol in fasting serum than do patients with less advanced disease or age -and sexmatched controls.
Serum total cholesterol decreased with increasing stage of disease; for stages ifi and N patients, these concentrations were significantly lower than in age -and sex-matched controls. Serum total cholesterol concentrations appear to be lowest in those patients with stage N disease who have boney metastases. Furthermore, serum LDL cholesterol concentrations in patients with boney metastases appear to be significantly lower than the concentrations in controls and patients with liver metastases or liver plus bone metastases.
The reduction in serum total cholesterol with increasing stage of disease can be partly attributed to a reduction in HDL cholesterol. Total cholesterol in patients with boney metastases may also be further decreased by a reduction in LDL cholesterol.
These changes in lipid concentrations with stage of diseasecould not be attributed to smoking habits, alcohol consumption, or therapy, and only part of the decrease in serum HDL cholesterol observed in stage N patients was associated with weight loss.
When the data were examined for correlations between serum lipid concentrations and concentrations of TNFa, insulin, glucose, creatinine, glucagon, cortisol, growth hormone, and thyrotropin, no correlations were observed other than a significant negative correlation between total cholesterol or LDL cholesterol and plasma glucagon. No evidence suggested that TNFa had a role in the etiology of any of the serum lipid changes in the breast cancer patients.
The changes in serum lipid concentrations observed in this study are similar to those documented by other workers in breast cancer (6) (7) (8) , leukemia and lymphoma (4, 5) , and experimental colonic cancer in rats (3).
Except for breast cancer, most previous studies have demonstrated a reduction in serum total cholesterol with disease progression (1, 2, 5) . However, in breast cancer, the one study in which total cholesterol was estimated (7) showed a significant increase in total cholesterol and disease progression, a finding not confirmed in the present work. In our study, we found no significant effects of steroid or anti-estrogen therapy on serum lipids. Currently, evidence on the effects of steroids is confficting. Ettinger et al. (17) found that patients with systemic lupus erythematosus who were treated with prednisone had higher concentrations of serum triglyceride, LDL cholesterol, and total cholesterol than did patients not on steroid therapy, whereas Lakatos and Harsogyi (18) observed no significant differences in serum triglycerides or in total, HDL, or LDL cholesterol in 73 patients with rheumatoid arthritis who were receivingcorticosteroid therapy, compared with 56 patients receiving nonsteroidal anti-inflammatory drugs.
With regard to the effect of anti-estrogen therapy on serum lipid concentrations, Rossner and Wallgren (19) found that patients with breast cancer who were treated with tamoxifen after surgery demonstrated a significant decrease in serum LDL cholesterol and an increasein triglycerides. Bertelli et al. (20) also found a significant decrease in LDL cholesterol in breast cancer patients treated with tamoxifen after surgery, compared with patients not treated with tanioxifen. There was no significant change in serum triglyceride or HDL. However, the patients in these two studies were all clinically free of disease at the time the samples were taken, so the results are not strictly comparable with those in the present study, in which all patients had clinical evidence of disease.
Among previous explanations proposed to account for an increase in serum triglyceride and a decrease in HDL cholesterol with disease progression is inhibition of adipose tissue lipoprotein lipase activity(4, 7). Such inhibition would impair catabolism of VLDL, leading to an increase in serum triglyceride concentrations and a decrease in HDL cholesterol because of the reduced availability of apoproteins for HDL formation (10) . Adipose tissue lipoprotein lipase activity might be reduced by several mechanisms, including increased production of TNFa in response to the tumor (7, 9), decreased secretion of insulin (21) , or increased production of hormones that antagonize the actions of insulin such as glucagon, growth hormone, cortisol, and catecholamines (22). The present study provides no evidence for the involvement of TNFa, insulin, glucagon, growth hormone, or cortisol, although a possible role for catecholamines cannot be excluded.
Increased dietary triglyceride intake could theoretically produce an increase in serum triglyceride concentrations. However, in the present study, we saw no evidence for increased triglyceride intake in stage N patients, compared with that in patients with stage 1,11, or ifi disease. Furthermore, the development of hypertriglyceridemia in animal tumor systems is independent of dietary triglyceride intake (23).
In animals whose hypertriglyceridemia developed after tumor implantation, hepatic triglyceride synthesis has been shown to be normal, which weighs against an increasein hepatic synthesis as an explanation (23).
Many tumor cells are rich in intracellular neutral lipids, which might be released into the circulation upon cell lysis (24) . However, it is unlikely that the tumor cell population could contribute continuously the amount of triglyceride necessary to markedly increase serum triglyceride. Furthermore, as has been well documented in both animals and man, serum lipid changes may occur when the tumor comprises <1% of the host body weight (25) . Therefore, bulk excretion of lipid by the tumor as the primary cause of hypertriglyceridemia is unlikely.
Mechanisms other than a decrease in adipose tissue lipoprotein lipase activity that could result in the decrease in HDL cholesterol concentrations observed in the stage N breast cancer patients include increased hepatic catabolism of HDL via increased hepatic lipase activity (26), reduced lecithin:cholesterol acyltransferase activity, or reduced apolipoprotein A-I. The concentrations of apolipoprotein A-I, the cofactor for thisacyltransferase enzyme, were decreased in patients with severe burns associated with a reduction in HDL cholesterol (27) . This latter study also demonstrated reduced concentrations of apoprotein C-U, the cofactor for adipose tissue lipoprotein lipase associated with hypertriglyceridemia in a subgroup of burn patients, providing a further mechanism by which hypertriglyceridemia could occur via reduced activity of adipose tissue lipoprotein lipase.
The etiology of increased serum triglyceride and reduced HDL cholesterol concentration associated with stage IV breast cancer is probably multifactoral. However, if the inhibition of adipose tissue lipoprotein lipase activity were primarily responsible, one might expectto find a negative correlation between fasting serum triglycerides and HDL. Such a negative correlation was not observed, implying that other, possibly as yet unknown, mechanisms may be more important.
In the present study the decreased concentrations of total cholesterol in patients with stage N breast cancer can be attributed partly to a corresponding decrease in HDL cholesterol.
However, patients with boney metastases had significantly lower LDL cholesterols than did age-and sex-matched controls or patients with liver metastases or bone plus liver metastases. This is the first study in which a change in serum lipids has been associated with a particular metastatic site. Furthermore, because the serum LDL cholesterol concentrations in patients with bone plus liver metastases were not decreased,apparently the presence of liver metastases may in some way oppose the reduction in LDL with metastatic tumor deposits in other sites. If so, this could explain why patients with boney metastases had lower concentrations of LDL cholesterol.
It is well known that liver metastases may be associated with cholestasis (31) . This could result in reduced biliary cholesterol excretion and explain why no significant decreasein LDL cholesterol is observed in patients with liver metastases or bone plus liver metastases.
A potentially significant findingin the present study was the negative correlation between total serum cholesterol and glucagon and between LDL cholesterol and glucagon. Clearly, additional careful work is needed to clariQy this finding;at this stage, we cannot state for certain whether there is a causal relationship between these changes or whether some other common factor is influencing both glucagon and cholesterol concentrations. However, perhaps glucagon, by an as-yet-unidentified mechanism, may decrease LDL cholesterol concentratio#{241}s-either by increasing LDL uptake/catabolism, by increasing biliary cholesterol excretion, or by reducing the LDL production from VLDL. The observation that fasting plasma concentrations of glucagon were not significantly higher in stage N patients with boney metastases than in patients with liver or liver plus bone metastases, implies that glucagon lowers LDL cholesterol concentrations by a mechanism independent of the effect of honey metastases on LDL cholesterol concentrations.
This argument is strengthened by the fact that the negative correlation between LDL cholesterol and glucagon was also observed for patients with stage II or ifi disease and for all stages combined, in addition to patients with stage N disease.
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